
● Mask R-CNN: Instance segmentation (individual rocks)
● Faster R-CNN with large number of Regions of Interest: 

up to 200 rocks in an input image 
● Pyramid Feature Network: rock size varies largely in an 

input image (major-axis length: 0.2 ~ 3.6 meters)

Deep neural network architecture
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• Transfer learning > no transfer learning
• RGB + DEM3/DEM1 > RGB
• DEM1 alone is not enough due to bushes
• RGB + RE + NIR > RGB
• RGB + RG + NIR + DEM3/DEM1 have 

the best performance
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Data-driven rock geomorphology with UAS
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Summary

● Build upon robotic sampling, 
cloud, and machine learning. 

● Leverage Bayesian optimization 
for metalearning, to guide 
annotation, model retraining, 
and large scale inference. 

● AI assisted annotation and 
model retraining, lifelong 
learning with experts in the loop.
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Annotation and analytics with DeepGIS
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The Annotation Game: Towards Collaborative Science with Humans, Robots, and AI
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Terrain relative navigation for UAS through trajectory optimization Fragile geologic feature, trajectory analysisRock particles can be placed and manipulated in mapped terrain


